Orthostatic blood pressure dysregulation is common among older people owing to the aging process itself as well as to dysautonomia due to comorbidities such as Parkinson's disease, cardiovascular diseases (CVD) or diabetes, and the use of medication (such as antihypertensive agents and benzodiazepines).
Original article
Orthostatic blood pressure dysregulation is common among older people owing to the aging process itself as well as to dysautonomia due to comorbidities such as Parkinson's disease, cardiovascular diseases (CVD) or diabetes, and the use of medication (such as antihypertensive agents and benzodiazepines).
The most often studied orthostatic blood pressure dysregulation is orthostatic hypotension, which is identified in approximately 20-30% of individuals over 65 years of age 1, 2 and is associated with an increase CVD unrelated mortality. [3] [4] [5] [6] Extensive research has also tended (with some exceptions) to support a role for orthostatic hypotension as a risk factor for CVD in the elderly. [7] [8] [9] On the contrary orthostatic hypertension, has been less thoroughly analyzed. 10 It seems to affect about 10% of older people, but its reported prevalence varies because different criteria have been adopted to define it. 11 Recent researches point to orthostatic hypertension as an emerging hemodynamic cardiovascular risk factor, particularly in older people with essential hypertension. 10, 12 The condition seems to be associated with more severe organ damage and a greater risk of clinical and subclinical CVD events. 11, 12 To the best of our knowledge, no published data are available on the association between orthostatic hypertension and mortality.
Based on these premises, we hypothesized that not only orthostatic hypotension, but also orthostatic hypertension may be associated to a higher risk of mortality.
The aim of the present study was thus to examine whether orthostatic changes in blood pressure (defined as orthostatic hypo-and hypertension) were associated with any increased risk of all-cause, CVD, or non-CVD mortality in a representative group of elderly men and women over a lengthy follow-up (4.4 years).
METHODS

Data source and subjects
The data for this analysis were drawn from the Progetto Veneto Anziani (Pro.V.A.), an observational cohort study on the Italian population aged ≥65 years that included 3,099 ageand sex-stratified Caucasian participants (1,854 women and 1,245 men) randomly selected between 1995 and 1997 using a multistage stratified method. Sampling procedures and data collection methods have been described elsewhere. 13 Trained physicians and nurses examined participants at various clinics. The present study concerns the information collected on the mortality rate over a mean 4.4 years (±1.2 SD) of follow-up. Copies of the official death certificates were obtained for all deceased participants. CVD-related mortality was recorded using the codes from 390 to 459 of the International Classification of Diseases-9th Revision, 2002 during the follow-up; any other causes of mortality were classified as non-CVD. Among the 3,099 subjects initially considered, no blood pressure data in an orthostatic position were available for 128, and for another 185 no information about death was available, so 2,786 participants were included in the final analysis.
The ethical committees of Padua University and the Veneto Region's Local Health Units (USSL) n. 15 and n. 18 approved our study protocol, and participants gave their written informed consent to the study.
Clinical data
Participants were examined at the city hospitals by trained physicians and nurses. A face-to-face interview was used to collect information on their usual physical activity, smoking habits, and number and type of drugs used. Regular physical activity was defined as ≥4 hour/week in the previous month of at least moderate physical activity (brisk walking, cycling, gardening, dancing, or physical exercising). Smoking habits were dichotomized as "never/former smoker" (if a subject had given up smoking at least a year earlier) vs. "current smoker. " Body weight and height were measured by trained physicians and the body mass index (BMI, kg/m 2 ) was calculated.
Any diseases were assessed by board-certified physicians, who considered all the clinical details collected for each participant in the study (clinical history, symptoms self-reported by means of standardized questionnaires, medical and hospital records, blood tests), and conducted a physical examination. Diabetes mellitus was defined as at least the presence of one of the following criteria: fasting plasma glucose ≥7.0 mmol/l, HbA1c ≥6.5%, use of glucose-lowering drugs, history of 2 hours post-load glucose ≥11.1 mmol/l. Cognitive function was assessed with the 30-item Mini-Mental State Examination (MMSE), and mood with the Geriatric Depression Scale (GDS) using cutoffs of 24 and 11 for a diagnosis of cognitive impairment and depression, respectively. 14, 15 Multidimensional assessment A multidimensional assessment was conducted by physicians expert in geriatric medicine. Functional status was assessed using the ADL (activities of daily living) score. 16 Disability was classified as "able" (i.e., an ADL score = 6) vs. "disabled" in ADL.
The Short Physical Performance Battery (SPPB) was obtained from three objective physical function tests: the tandem test, gait speed, and chair stands time. 17 Each test was scored from 0 (inability to complete the test) to 4 (highest level of performance). The scores obtained in all three tests were pooled to form a composite score of 0-12, higher scores reflecting better physical function.
Definition of orthostatic hypertension and hypotension
All blood pressure (BP) measurements were taken by a trained nurse in the morning. The mid-point of the right upper arm was ascertained by measuring the length from the tip of the shoulder to the tip of the elbow and dividing this length by 2. The tape was wrapped around the straightened arm at the midpoint identified and the cuff was checked to ensure that it was neither too tight nor too loose. The measurement was recorded to the nearest 0.1 cm and repeated twice if measurements differed by less than 0.8 cm. An appropriate size of cuff was chosen, based on the circumference of the participant's arm, i.e., small (<24 cm), normal (24-32 cm), and large (33-41 cm). Clinostatic BP was measured in the right arm three times with 30-second intervals between measurements, using a mercury sphygmomanometer (Erkameter 300), in participants who had been supine for at least 5 minutes, taking the mean value as the clinostatic measure. 18 Hypertension was defined as the presence of systolic BP ≥140 mm Hg, diastolic BP ≥90 mm Hg, or current use of antihypertensive medications. 18 Pulse pressure was defined as the difference between systolic and diastolic BP.
Orthostatic BP and heart rate were then measured after 1 and 3 minutes of orthostatism. In accordance with the guidelines of the Consensus Committee of the American Autonomic Society, and the American Academy of Neurology, orthostatic hypotension was defined as a drop of at least 20 mm Hg in systolic blood pressure, or at least 10 mm Hg in diastolic blood pressure in one of the two measurements. 19 Since no formal consensus exists on how orthostatic hypertension should be defined, we adopted the most often-used definition for this condition, i.e., an increase in systolic blood pressure in excess of 20 mm Hg calculated as the mean of the systolic blood pressure measurements obtained during orthostatism minus the supine blood pressure before standing (definitive diagnosis). 11
Laboratory data
Venous blood samples were obtained after an overnight fast for biochemical tests, which were performed at the city hospital's central laboratory using standard, quality-controlled procedures.
Serum creatinine levels were measured using the Jaffe reaction with the Roche/Hitachi auto analyzer (Roche Diagnostic GmbH, Mannheim, Germany) calibrated with the uncompensated method, while the estimated glomerular filtration rate (eGFR) was calculated using the MDRD formula. Total cholesterol levels were assessed using the enzymatic method.
Statistical analyses
Participants' characteristics were summarized using means (±SDs) for continuous variables, and counts and percentages for categorical variables. Means and proportions were compared between participants grouped according to the changes in their orthostatic blood pressure. Age-and gender-adjusted P values were calculated as follows: for continuous variables the differences between the means of the covariates for orthostatic changes in blood pressure were analyzed using analysis of variance (ANOVA) with Bonferroni's correction; logistic regression was applied for categorical variables.
The incidence rate for mortality was calculated as the number of new cases of death per 1,000 persons per year during the follow-up. Cox's proportional hazard models were used to assess associations between orthostatic changes in blood pressure and mortality. Known factors associated with orthostatic blood pressure and mortality in older people were considered for inclusion in the analysis. To explore whether a variable should be included as a predictor in the fully adjusted models the log-rank test of equality across strata was performed for all the categorical variables and Cox's univariate proportional hazards regression for all the continuous variables. The predictors included in the fully adjusted model were all the variables reaching a P < 0.20 in the univariate analyses. Collinearity among covariates was quantified using the variance inflation factor (VIF) taking a cut-off of 2. We therefore excluded any presence of atrial fibrillation, which was included in the definition of CVD instead. In the multivariate analysis, a stepwise selection was used to obtain the set of variables most effective in predicting the dependent variables. Hazard ratios (HRs) and 95% confidence intervals (CIs) were used to compare mortality rates across orthostatic changes in blood pressure taking participants with normal changes for reference. We conducted several sensitivity analyses stratifying for clinical factors independently associated with mortality in the final model, or known CVD risk factors in the case of CVD-related mortality to see if the orthostatic changes in blood pressure can depend on any medical or other conditions.
All analyses were performed using the SPSS 21.0 for Windows (SPSS Inc., Chicago, IL). All statistical tests were two-tailed and statistical significance was assumed for a P-value <0.05.
RESULTS
Baseline characteristics
The sample of 2,786 community-dwelling elderly were a mean 76.0 ± 7.6 years old (range: 65-103); 59% were females; and the mean BMI was 27.6 ± 4.6 kg/m 2 . The participants scored less than 6 for ADL amounted for the 43.4% of the sample. In the sample as a whole, the prevalence of orthostatic hypotension and hypertension was 9.3% and 19.5%, respectively. The mean clinostatic systolic and diastolic BP was 153.4 ± 21.5 and 82.9 ± 11.2 mmHg, while changes in the orthostatic position amounted to a mean −1.1 ± 13.0 mm Hg (range: −53 to 42) and 3.8 ± 7.7 mm Hg (range: −62 to 44) for systolic and diastolic blood pressure, respectively.
As shown in Table 1 , participants with orthostatic hypertension were significantly younger than those with orthostatic hypotension (P < 0.0001), but of similar age to those with normal BP changes (P = 0.89). No significant differences emerged for gender (P for overall comparisons = 0.25).
Compared with those with normal orthostatic changes in BP, participants with orthostatic hypertension were less likely to be smokers (P = 0.01) or to have congestive heart failure (P = 0.03), or COPD (P = 0.01), while those with orthostatic hypotension had more frequently been diagnosed with cognitive impairment (P = 0.03), Parkinson's disease (P = 0.005), or peripheral artery disease (P = 0.01). Participants with orthostatic hypotension were also more frequent users of drugs for Parkinsonism (P for overall comparisons = 0.01), calcium channel blockers (P for overall comparisons = 0.005), or nitrates (P for overall comparisons = 0.004) than the other two groups. Finally, participants with orthostatic hypotension had significantly lower SPPB scores than the other two groups (P = 0.008 for both comparisons).
As for the clinostatic BP parameters, participants with orthostatic hypertension had significantly lower systolic BP values than those with orthostatic hypotension (P < 0.0001), and the lowest clinostatic diastolic BP value (P for overall comparisons < 0.0001), while those with orthostatic hypotension had the highest pulse pressure value (P for overall comparisons < 0.0001) ( Table 1) .
Follow-up data
Over a period of 4.4 years, 640 participants died, 208 of them for CVD-related reasons. Compared to other two groups, the incidence mortality rate was significantly higher in those with orthostatic hypotension for all-cause (Cox's regression analysis; P = 0.02) and CVD (P = 0.04), while for mortality unrelated to CVD there was a trend that fell short of statistical significance (P = 0.17) ( Table 2) .
Taking participants with normal pressure changes in the orthostatic position for reference and adjusting for potential confounders, orthostatic hypertension was associated with a higher all-cause mortality (HR = 1.23; 95% CI: 1.02-1.39; P = 0.03) and CVD-related mortality (HR = 1.41; 95% CI: 1.08-1.74; P = 0.02), while orthostatic hypotension was only associated with a higher non-CVD mortality (HR = 1.19; 95% CI: 1.01-1.60; P = 0.047) ( Table 2) . Figures 1 and 2 show a stratification for some conditions associated with all-cause mortality in older people. Orthostatic hypertension emerged as a predictor of all-cause mortality for participants aged >75 years, for those with a BMI <25 kg/m 2 , without CVD or disabilities at baseline, and for those taking less than three medications. Moreover, Unless otherwise specified, data are presented as hazard ratios and 95% confidence interval. Fully-adjusted model included: age (continuous); gender; BMI (< or ≥ 25); presence/history of: diabetes, cardiovascular diseases, COPD, cancer, cognitive impairment; serum total cholesterol (as continuous); smoking status (current vs. former-never); number of drugs; SPPB; presence of frailty (frail vs. pre-frail and not frail); clinostatic systolic and diastolic BP (as continuous). Table 2 ) for all-cause mortality by change in orthostatic blood pressure in relation to several independent factors for mortality: the PRO.V.A. study. Notes: Black circles indicate orthostatic hypotension; empty circles indicate orthostatic hypertension; squares (reference) indicate normal orthostatic changes in blood pressure. The HRs were drawn with the corresponding 95% CI. BMI, body mass index; CVD, cardiovascular disease.
orthostatic hypertension predicted CVD-related mortality in individuals with no hypertension, heart failure, stroke, coronary artery disease, or atrial fibrillation at baseline. Orthostatic hypotension was a significant predictor of mortality in participants with diabetes and neurodegenerative diseases, and in those without high blood pressure ( Figures  1 and 2 ).
DISCUSSION
Our large population-based prospective study found orthostatic hypertension associated with all-cause and CVD-related mortality, and orthostatic hypotension with non-CVD mortality.
The association between orthostatic hypertension and mortality is particularly noteworthy, since that clinicians are usually much more preoccupied of avoiding orthostatic hypotension for its well-known direct consequences on elderly people as syncope and falls, and may interpret any increase in orthostatic pressure as a favorable event.
The association between orthostatic hypertension and mortality became evident only after adjustment for potential confounders, suggesting that in these people the negative effect of orthostatic hypertension is counterbalanced by other conditions (like being in better physical shape, and with a lower prevalence of other potentially fatal conditions) with protective effect toward mortality. Surprisingly, orthostatic hypertension emerged as a significant risk factor for CVD-related mortality in participants with no atrial fibrillation, stroke, coronary artery disease, or congestive heart failure at baseline. In the majority of the studies available in the literature, the association between orthostatic hypertension and cardiovascular morbidity has been investigated only in already diagnosed hypertensive subjects. 11, 20, 21 Instead, the findings of the present study highlight the importance of diagnosing orthostatic hypertension especially in subjects apparently in good health status and without established cardiovascular comorbidities. These results seem to support the hypothesis of Kario who considered orthostatic hypertension as a form of prehypertension. 22 To explain the reasons why orthostatic hypertension emerged as a risk for CVD-related mortality only in subjects free from cardiovascular diseases at baseline, we can hypothesize that CVD are per se at high risk of death, and this may reduce the importance of orthostatic changes in blood pressure as risk factor for mortality. Moreover, it is also possible that elderly people with already CVD at baseline use more frequently drugs able to lower orthostatic blood pressure leading to a bias in the evaluation of orthostatic hypertension. However, taken together, these findings suggest that orthostatic hypertension is an early CVD risk factor in the elderly, consistently with studies finding this condition associated with both subclinical and clinical forms of CVD. 8 The mechanisms linking orthostatic hypertension and CVD are not fully understood, but they seem to include systemic hemodynamic atherosclerotic syndrome (SHAS). 23 In Figure 2 . Adjusted hazard ratios (for the same covariates as in Table 2 ) for CVD-related mortality by change in orthostatic blood pressure in relation to some CVDs or risk factors: the PRO.V.A. study. Notes: Black circles indicate orthostatic hypotension; empty circles indicate orthostatic hypertension; squares (reference) indicate normal orthostatic changes in blood pressure. The HRs were drawn with the corresponding 95% CI. BMI, body mass index; CVD, cardiovascular disease; CHF, congestive heart failure; CAD, coronary artery disease; AF, atrial fibrillation.
patients with SHAS, both large and small systemic arteries are overloaded due to a pulsatile hemodynamic stress that may contribute to the progression of the atherosclerotic process. In older people, concomitant conditions (such as stiffer large arteries and an impaired autoregulation of small arteries) lead to a lower pulse wave attenuation and a consequent increase in hemodynamic stresses, with chronic damage to certain vital organs. Advanced vascular disease and ischemic peripheral organ damage activate the reninangiotensin system, giving rise to an increased sympathetic activity and a decreased baroreceptor sensitivity with a consequent increase in orthostatic heart rate (as shown in our study), and exacerbating the chronic damage to peripheral organs. Finally, orthostatic hypertension may also be associated with other CVD risk factors not investigated here, such as masked hypertension. 24 As for orthostatic hypotension, we found a higher risk of all-cause mortality that disappeared after adjusting for several potential confounders. This picture is consistent with a recent Italian study in which the role of orthostatic hypotension as a risk factor for CVD no longer existed after correcting for some confounders. 7 Taken together, these findings suggest that orthostatic hypotension should be considered a risk factor for mortality or CVD more for the conditions associated with it than per se. Unlike some other studies, 4, 25 we found no significant association between orthostatic hypotension and CVD-related mortality. Possible explanations for this discrepancy lie in that we considered participants with a higher orthostatic blood pressure as a separate entity instead of including them in the reference group, and in the number and type of covariates for which we adjusted our analysis. On the other hand, our findings as regards non-CVD mortality are consistent with a recent meta-analysis in which orthostatic hypotension was found related mainly to non-CVD mortality. 3, 26, 27 This would reinforce the conviction that this condition is more important because of other outcomes related to mortality in old age, such as falls and fractures.
Some limitations should be considered when interpreting our results. The first concerns the use of standing blood pressure measurements, a first-line test for identifying orthostatic changes in blood pressure; other tests (e.g., head up tilting) would be more accurate in diagnosing orthostatic blood pressure changes. Another shortcoming lies in that we only conducted one session of clinostatic and orthostatic BP measurements, which may not be optimal for defining orthostatic hypo-or hypertension in an elderly cohort. 28 Another limitation is that we only measured orthostatic hemodynamic parameters at 1 and 3 minutes, whereas orthostatic hypotension is known to develop later in many people aged >65 years. 29 Finally, we have to consider the possibility of a type II error in our analyses because of the small proportion of participants with orthostatic hypotension, probably due to a survival bias (i.e., subjects with orthostatic hypotension died before the survey, given that this condition is associated with several forms of CVD in our study); this could reduce the power of our results.
In conclusion, orthostatic hypertension and hypotension both seem to be relevant risk factors for mortality in the elderly, the former correlating with all-cause and CVD-related mortality, and the latter with non-CVD mortality. More research is needed to confirm the role of orthostatic hypertension as a risk factor for CVD in the elderly, and to ascertain whether treating this condition can lower the CVD-related mortality rate.
